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Abstract 
Results of ultrafiltration experiments performed in acid waters from the Río Tinto acid mine drainage system in order to evaluate 
the role of colloids under acid mine drainage conditions indicate that for U and Th, a constant permeation model is applicable and 
does produce results that are compatible with the predicted behavior of these elements under acidic conditions. Results show that 
around 8,7% of total U is in the colloidal fraction. Results considering the 234, 235 and 238 U isotopes show similar percentages 
of retention in the colloidal fraction. Th is dissolved in the acid waters of Río Tinto, which agrees with the predicted dissolved 
character of Th under acid and high sulfate concentration conditions 
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1. Introduction 
U and Th series constitutes excellent tools for estimating rates in a wide variety of surficial scenarios including 
weathering rates, scavenging of different elements, comminution ages (timescale associated with the origin of 
sediments from bedrock transformation by physical weathering). Under neutral pH and oxidizing conditions, U is 
highly mobile in the hexavalent form, forming uranyl ion UO22+ or soluble complexes mainly with carbonate and 
phosphate. This is not the case of the acidic conditions prevailing in Río Tinto where pH values are generally low (< 
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2.5), redox conditions are oxidant (Eh values form 400 to 800 mV) and carbonate and phosphate ligands are almost 
absent. Instead, sulfate concentrations are very high (up to 10000 mg/l), the dominant U(VI) species having two 
coordinated sulfates, the concentration of uranyl ion UO22+ being negligible. On the other hand, Th is considered to 
be a inmobile under neutral and oxidizing conditions. This is not the case of the acid mine drainage conditions in 
which, due to the low pH and high sulfate concentrations Th species are dominated by soluble sulfate complexes 
such as Th(SO4)2+ and Th(SO4)2(aq) (Kim & Osseo-Asare, 2012). Depending on the sulfate concentration, at pH 
values higher than 2.8 to 3.8 Th precipitates as solid ThO2 (Kim & Osseo-Asare, 2012).  
Normal practice in surface- or groundwater sampling includes procedures such as acidification and filtering of 
samples and transport to the laboratory under refrigerating conditions. Filtering is normally performed by the use of 
0.22 or 0.45 Pm membrane filters and analysis on acid mine drainage waters, despite the high abundance of 
suspended matter, are usually performed with no further filtering. This is the case of the composition reported for the 
acid mine drainage system in the Río Tinto and Río Odiel basin in the Iberian Pyrite Belt (Spain) (see for example 
Olías et al., 2004; Sánchez-España et al., 2005; Villa et al., 2011; among others).  
1.1. U and Th in Río Tinto waters 
Figure 1 shows the variation of the U and Th concentration with pH after 0.45 Pm filtering. As expected from the 
theoretical behavior of these elements under low pH and oxidizing conditions, both exhibits high concentrations at 
pH below 2.5 and values below detection limit at higher pH values. U in Río Tinto water is likely derived from the 
rhyolite rocks in the headwaters but also from certain sulfides such as sphalerite. This is evidenced by the high 
correlation coefficients between dissolved U and Zn, Cd, Cu, and K in agreement with the previous data of Sánchez-
España et al. (2005). For Th, high correlation coefficients are obtained for Al and K, which point also the rhyolites 
as the main source for this element. High correlation coefficients for light rare earth elements such as La, Nd and Sm 




Fig. 1. (a) U concentration against pH at Río Tinto waters; (b) Th concentration against pH in the same samples.  
234U/238U activity ratios are in the range of 1.5 to 3 (Ketterer et al., 2011), which is the consequence of several 
processes occurring during weathering of the outcrops at the headwaters but also due to processes related to acid 
mine drainage (Barbero et al. submitted). 230Th/234U ratios vary in a very wide range from 0.0046 to 170,352 in 
analysis performed in 0.22 Pm filtered samples, indicating a very different behavior of Th in between different 
samples. 
The main objective of this preliminary study is to estimate the role of colloids when considering Th and U 
concentrations and isotopes under conditions prevailing in acid mine drainage, as colloids are very abundant in these 
scenarios when iron oxi-hydroxides and secondary sulfates precipitates as pH is raised. 
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2. Materials and methods 
     Eighteen water samples in the main stream of the Río Tinto were collected, the pH, Eh, conductivity and 
temperature being measured on field with a calibrated multiparametric probe. These samples were chosen to cover 
the widest range of pH values, from circum neutral to acidic conditions. U and Th along with major ions and trace 
metals were analyses after filtering the samples with 0.22 or 0.45 Pm membrane filters, using standard techniques at 
ACME laboratories (Canada). One selected sample was further ultrafiltered using a 5 kDa PES membrane. In this 
way, the water obtained as permeate is free of particles between 5 kDa to 0.22 Pm.  Ultrafiltration has been 
performed using five different concentration factors (ratio of initial volume to obtained permeate) from 2.5 to 11.7. 
Another three samples were ultrafiltered using the same membrane but just to a concentration factor of 4.3 to 5.0. 
Details on ultrafiltration procedure and radionuclides measurement procedures are summarized in appendix A and 
B.  
3. Discussion  
The application of an ultrafiltration permeation model (Guo and Santschi, 1996; Guo et al., 2000; 2007) to the 
time series results in sample SA-19 results in a constant permeation coefficient of 0.847 for U and 0.812 for Th, 
with a R2 coefficient of 0.915 and 0.991 for the lineal regression of log concentration versus log concentration factor 
for U and Th, respectively. The initial U colloidal fraction calculated for this model is 4.65 Pg/L. This implies that 
around 9% of U is associated to the 5 kDa colloidal fraction. For Th initial colloidal fraction is 12.69 Pg/L, which 
imply that there is no Th associated to the 5 kDa colloidal fraction. For this sample, the traditional methods for the 
calculation of the colloidal fraction taking into account the concentration difference of the initial solution and the 
permeate, and concentration the retentate (see details in Guo et al., 2007) give colloidal fraction of 2,2% in the first 
case and 6.3% in the second. These values are lower than that obtained using the constant permeation model, which 
indicates that the 5 kDa membrane in not provoking retention of dissolved U and Th as previously evidenced (Guo 
et al., 2007).  
When considering 232Th, 230Th, 234U, 235U and 238U isotopes, results are very similar to the ones obtained for the 
concentration of U and Th. For these five isotopes, calculated permeation coefficients are 0.811, 0.876, 0.850, 0.843 
and 0.843 respectively. In all cases, the R2 coefficient for the lineal regression of log activity concentration versus 
log concentration factor being higher than 0.9. The percentage of calculated colloidal fraction for these isotopes are 
close to 0% for the two Th isotopes and close to 11.7% for 234U, 7.3% for 235U and 7.7% for 238U, values which are 
totally coherent which those obtained for the U and Th concentrations. 
The increase in U and Th concentrations in the retentate with the increasing concentration factor is due to the 
permeation of colloids of 5 kDa but not any larger colloids. These results confirm that Th in acid mine drainage 
scenarios is present as a dissolved species as predicted in the Eh-pH diagrams and that dissolved U concentration 
can be overestimated if colloidal fraction is not calculated using a constant permeation model.  
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Appendix A. Ultrafiltration procedure 
Ultrafiltration of water samples was carried out using a Masterflex L/S system with a Vivaflow 200 PES 
(polyethersulfone) membrane (5 kDa) with an active membrane area of 200 cm2. Recirculation rate was set to 
approximately 300 mL/min, which typically gave a permeate flow rate of 5 mL/min. All ultrafiltration work was 
carried out using an acid-cleaned polycarbonate (PC) container and polyethylene (PE) tubing. The Vivaflow 200 
was pre-cleaned by sequential rinsing with 200 mL of deionised water, 250 ml of 0.5 mM NaOCl in 0.5 M NaOH 
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recirculate at 50-100 ml/min for 30-40 minutes, recirculation of 250 ml of deionised water through the system for 5-
10 minutes and finally rinsing with 500 mL ultrapure water. The membrane could be reused several times following 
this procedure. 
Appendix B. Radionuclide determination 
After filtration, each sample was acidified with 0.5 mL of 16 M HNO3. 10 mL aliquots were used for 234U/238U 
activity ratio determinations; these were mixed with 1 mL of 16 M HNO3 in order to enhance the recovery of Th and 
U from the water matrix and spiked with 229Th and 233U. Under these conditions, the TRU resin (Eichrom Tech.) 
removes the saline matrix and pre-concentrates Th and U with recoveries of >80%. Th was pre-concentrated from 
the HNO3-acidified water samples using lab-fabricated 30 ± 2 mg TRU resin columns. After passing the water 
sample through the TRU column, each column was rinsed three times with 1 mL of 2 M HNO3. Thereafter, Thorium 
was eluted by passing six times 1 mL of 1M HCl. Th fractions are completely evaporated by placing the un-capped 
tubes in a convection oven held at 85-90º C until total evaporation.  Subsequently, 300 PL of 2 M HNO3 and 2.7 mL 
of deionized water are added to each tube; tubes are capped and heated at 85-90º C for 1 hour to re-dissolve the Th. 
After eluting Th through the TRU column, each column was rinsed with three successive 1 mL portions of 2 M 
HNO3. Thereafter, U was eluted with the following sequence: 1 mL H2O, 1 mL 0.05 M ammonium oxalate, and 
1 mL H2O. 
Th and U concentrations and isotopes were measures with a Thermo X Series quadrupole ICP-MS equipped with 
a CETAC 5000 ultrasonic nebulizer. The ICPMS typically exhibits very stable mass discrimination behaviour, 
which is advantageous in this analysis. The electrostatic scanning mode with 10 ms dwell time at sample-uptake 
rates of 0.3–0.4 mL/min was used to switch rapidly between the centre of the flat-top region of each mass spectral 
peak to acquire 3–5 sequential integrations of about 1 min each from each sample solution. 
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